Rationale, aims, and objectives: Increasing awareness of people's lung health through the use of lung function tests or symptom-based questionnaires is a potential method to aid smoking cessation. We investigated the impact of case-finding lung function tests for chronic obstructive pulmonary disease on smoking behaviour.
| INTRODUCTION
Tobacco use is estimated to result in approximately 7 million deaths worldwide per year (including exposure to second-hand smoke), 1 with smoking being the United Kingdom's primary cause of preventable death and disease, 2 accounting for an annual death toll of approximately 79 000 deaths. 2 It is one of the main risk factors for vascular and respiratory disease, with approximately a third of all deaths from respiratory disease in England attributable to the consumption of cigarettes. 3 Smoking is the most commonly cited reason for the respiratory disorder chronic obstructive pulmonary disease (COPD) 4 , with COPD being one of the most prevalent causes of morbidity and mortality worldwide, 5 at an increasing prevalence of 10% globally among individuals aged 40 or more. 6, 7 While an estimated 3 million people in the United Kingdom (UK) have COPD, 8 2 million have not been diagnosed with the disease. 9 The total cost to society in England, which includes the cost to the UK National Health Service (NHS), of treating diseases caused by smoking and lost productivity due to premature deaths, smoking breaks, and absenteeism, is estimated to be £2.9 billion a year. 10 The net ingredient cost of all prescription items used to help people stop smoking in England was £28.5 million in 2015/2016, 11 with an evaluation of the NHS Stop Smoking Services effectiveness finding validated quit rates of 53% at 4 weeks and 15% at 1 year. 12 Because of the high expense of such services, it is extremely valuable to explore different methods to aid smoking cessation. One such method is to increase awareness of people's lung health via use of lung function tests or symptom-based questionnaires. Through communication about lung health and early diagnosis of COPD, smoking quit rates could be improved.
There is a paucity of good quality research evidence in this area, and the findings are currently inconclusive. [13] [14] [15] Trials have been set up to consider the effectiveness of complex interventions around lung health, including spirometry, smoking cessation advice, and personalised feedback of lung health, [16] [17] [18] [19] with the results not yet available.
This trial tested the hypothesis that having case-finding tests for COPD (ie, tests to identify whether participants had COPD or not, where the tests comprised lung function tests and symptom questionnaires) changed self-reported smoking behaviour among general practice patients who were smokers compared with not having the case-finding tests.
| METHODS
The primary purpose of the case-finding cohort (DOC) study that this trial was nested within was to determine the optimal pathway to identify individuals with COPD in primary care to enhance early identification and management. The inclusion of the nested waiting list randomised controlled trial (RCT) design also allowed us to assess whether undertaking the lung function tests had an effect on smoking behaviour (the focus of this paper) and will be referred to throughout as the "trial," as opposed to the "DOC study" or "study," which relates to the overarching cohort study. The ISRCTN registration for the study reflects these objectives, with the primary outcome listed there relating to the case-finding element, which has been published elsewhere, 20 and the smoking trial outcomes being listed as secondary outcomes. The full details of the waiting list study design are available elsewhere. 21 In brief, all participants received the same suite of casefinding tools; however, the timing of when participants received the tests was randomly allocated in a 1:1 ratio: Those in the "tests now"
(intervention) group were invited to receive their tests straight away, whereas those in the "waiting list" (control) group received the tests a few months later. The primary outcome of the trial was smoking cessation and the secondary outcome was the number of cigarettes smoked.
The patient population were smokers aged 35 and over, who were identified from 11 surgeries across 3 general practice groups in
Yorkshire and Humberside and invited to participate in the DOC study. Participants were enrolled in the study using database recruitment (ie, patients at participating practices who met eligibility criteria were sent a recruitment pack through the post), and opportunistic recruitment by general practitioners (GPs) and nurses at face-to-face consultations. The recruitment pack given to potential participants contained an invitation letter, consent form, and a patient information sheet, which provided a detailed explanation of the study. Participants were recruited to the study on a staggered basis, where recruitment occurred over a period of time, specifically over the first half of the study, ie, over the first 6 months. 21 Almost all participants from the DOC case-finding cohort were entered into the trial. Individuals with a current diagnosis of COPD were included in the study. Individuals were excluded from the study if they had cognitive impairment. Once participants had been recruited, they were randomised to 1 of the 2 groups: Half were randomly allocated to receive the lung function tests straight away (the intervention group, ie, "tests now" group), and the remaining half received the tests between 2 and 6 months later, in the latter half of the trial (the control group, ie, "waiting list" group). 21 The "tests now" intervention group had, therefore, received the "diagnostic tests intervention" by the time that smoking outcome was assessed, whereas the "waiting list" control group had not received the tests by the time of the smoking outcome assessment. Prior to conducting the assessments, participants were screened against core clinical criteria, namely, pregnancy, unstable angina, pulmonary embolism or an aneurysm, pneumothorax, and unexplained haemoptysis. This screening took place initially before randomisation and was later repeated close to the appointment to reconfirm eligibility. Participants with a positive screen for any of these criteria were excluded from the intervention but kept in the trial follow-up. After randomisation, participants were also screened for myocardial infarction or stroke; chest, abdominal, vascular, detached retina/eye, ear or brain surgery, and pacemaker implant, all within the last 12 weeks, or a current ear, chest, or gastrointestinal infection. Those screening positive were deferred for a later assessment. Changes were made to the eligibility criteria after the trial commenced. Specifically, the exclusion criteria were increased to ensure maximisation of patient safety, with all additional criteria shown in the above list.
The hypothesis concerning the effect of the case-finding tests on smoking behaviour was evaluated by comparing the smoking habits of participants who had already undertaken the case-finding tests (ie, participants in the "tests now" intervention group) with the smoking habits of those who have not yet undergone the case-finding tests (ie, the "waiting list" control group). 21 Participants' smoking habits data were obtained using a follow-up questionnaire that was sent to all participants 2 to 6 months (dependent on site) after the month that they were allocated to their group. Hence, participants in the "waiting list"
control group had not yet received their tests at this point in time.
The primary outcome measure was self-reported smoking cessation as collected via the follow-up questionnaire. Participants were asked "Do you currently smoke?"; those who responded "no" were classified as having stopped smoking. The number of cigarettes smoked (including hand rolled tobacco) was a secondary outcome.
Participants were asked "How many cigarettes do you smoke per day?" and if they smoked hand rolled cigarettes, "How much tobacco do you use a week?," where participants could record this in ounces or grams. To convert hand rolled tobacco into a number of cigarettes, the following calculations were undertaken: (ounces × 40) divided by 7
and ((grams × 0.04) × 40) divided by 7. Smoking behaviour was collected at baseline and at follow-up. Follow-up occurred at 2, 3, or 6 months after randomisation, dependent on study site.
Stratified block randomisation was utilised to assign participants to the 2 groups. We used permuted blocks with sizes from 2 to 76, which depended upon how many participants were waiting to be randomised at any given time and were stratified by practice. The randomisation sequence was concealed using York Trials Unit's secure randomised system, which was accessed by computer, and the sequence generated by an independent data manager.
There was no formal sample size calculation for this trial, as the primary purpose of the overall DOC cohort study, of which the trial was a component of, was to determine the diagnostic accuracy of different approaches for the diagnosis of COPD. The RCT element reported here was a study "add-on," which took advantage of the logistical delay of being able to see all the participants.
Participants, clinicians, investigators, and evaluators were not blind to the participants' group allocation because of the nature of the trial design and analysis. Allocation was concealed from the recruiting investigator.
| Statistical analysis
No interim analysis was planned or conducted. Smoking cessation at follow-up was compared between the 2 randomised groups using logistic regression, adjusting for the prognostic variables: age, sex, and baseline smoking pack years. A cluster term (GP practice) was also included in the model to account for variation in follow-up time. Given the high attrition rate, a sensitivity analysis was conducted on the primary outcome, in which participants with missing data were assumed to have remained smokers and the analysis described above repeated.
The number of cigarettes smoked at follow-up was also compared between the randomised groups using negative binomial regression to account for overdispersion, adjusting for the same prognostic variables and clustering within GP practice. Analyses were prespecified and undertaken on an intention to treat basis (ie, analysed according to the groups to which participants were randomised), with all outcomes reported. Stata release 12 22 was used for all analyses.
| Ethical approval
The research protocol and accompanying study documents were approved by Newcastle and North Tyneside 2 Research Ethics Committee (REC reference number: 10/H0907/37). Written informed consent was obtained from all participants prior to entering into the study.
| RESULTS
The CONSORT flow chart is shown in Figure 1 . Six hundred seventyfour participants were recruited from general practices (primary care) were lost to follow-up in the "tests now" and "waiting list" groups, respectively; follow-up was less complete for the intervention group.
The most common reasons for full withdrawal were that participants changed their mind about taking part/were no longer interested and that they were no longer smoking or had experienced a change in their health status since originally consenting. Apart from the timing of the tests, ie, the intervention group receiving the tests straight away versus those waiting to receive them (control group), the 2 groups were treated equally.
A total of 3 adverse events were encountered over the duration of the study (2 [1.0%] in the "tests now" group and 1 [0.5%] in the "waiting list" group), with all, assessed by the investigators, as being unrelated (epileptic episode, cancer diagnosis) or possibly related to the study but expected (feeling light-headed).
| Participant characteristics
In Table 1 , we show baseline characteristics by randomised group, ie, for the "tests now" and "waiting list" groups. We present baseline data both as randomised and as analysed to assess whether or not attrition may have introduced selection bias. All baseline characteristics were comparable across randomised groups both in the randomised and analysed groups. In the analysed population, the "waiting list" group was slightly younger, weighed less, and had a lower body mass index (BMI) and fewer qualifications compared with the "tests now" group. 
| Analysis of smoking cessation
We included 409 participants in our primary analysis, representing those who had follow-up data available on smoking behaviour and prognostic variables. At follow-up, 18 participants out of 205 (8.8%) had stopped smoking in the "tests now" group, and 21 out of 229 (9.2%) had stopped smoking in the "waiting list" group (Table 2) 
| Secondary analyses
Assuming that all participants with missing outcome data were still smoking, there was a 5.3% smoking cessation rate in the "tests now" group and a 6.3% cessation rate in the "waiting list" group (Table 2) . A logistic regression of smoking cessation on randomised group, adjusted for age, sex, baseline number of cigarettes smoked, and clustering by study site, gave an OR of 0.86 (95% CI, 0.47-1.56; P = .623). This indicates a lower odds of smoking cessation in the "tests now" group compared with the "waiting list" group, although the difference was not statistically significant.
| Smoking cessation by recruitment method
Most of the participants in the trial were recruited via database recruitment, with only 8% recruited opportunistically by a nurse or GP during a face-to-face consultation. When undertaking an exploratory analysis according to method of recruitment, 8.5% quit in the database recruitment group compared with 14.3% in the opportunistic group (Table 3) .
| Analysis of number of cigarettes smoked
At follow-up, the average number of cigarettes smoked was similar in both groups; "tests now" 13.8 (SD 8.9, with median 15 [min 0 to max An analysis of the number of cigarettes smoked at follow-up using negative binomial regression on randomised group, adjusted for the same prognostic variables and study site, gave an incidence rate ratio of 0.95 (95% CI, 0.88-1.03; P = .241). This indicates a higher number of cigarettes smoked at follow-up in the "tests now" group compared with the "waiting list" group, although this difference was not statistically significant. Thus, there was no evidence of an effect of lung function tests on the number of cigarettes smoked at follow-up.
| DISCUSSION
Having case-finding tests for lung function (intervention group) did not change smoking behaviour compared with not having the tests (control group) among general practice patients who were selfreported smokers. Indeed, participants in the intervention group ("tests now") were equally likely to stop smoking than those in the control group ("waiting list"). A sensitivity analysis assuming that all participants with missing outcomes were still smoking at follow-up did not impact on the overall result, but under this assumption, participants in the intervention group were less likely to stop smoking than those in the control group, although these findings were not statistically significant. Based on this assumption, the overall quit rate across both arms of the trial (5.8%) was similar to the background quit rates observed in the control arm for comparable populations. 23 An exploration of the impact of recruitment method on smoking cessation found that a higher cessation rate was highlighted among those recruited opportunistically compared with those recruited through a database.
This difference could have arisen because those recruited opportunistically were keen to quit and in contact with practice staff more frequently. For interpreting the similarity in quit rates found by our trial, it is useful to note that 29% (97/340) in the "tests now" group did not receive the tests and 3% (10/334) in the "waiting list" group received their tests before intended. In addition, 50 (12.2%) participants included in the analysis were found to have COPD (32 (16.5%) in the "tests now" group and 18 (8.4%) in the "waiting list" group).
The higher proportion of COPD participants in the intervention ("tests now") group could be a potential reason for greater loss to follow-up in this group compared with the "waiting list" group, as individuals might have felt judged if they were still found to be smoking at follow-up. Of the 32 found to have COPD in the "tests now" group, 3
(9.4%) quit, and in the "waiting list" group, 5 of the 18 (2.8%) quit (Table 2) . When comparing the overall quit rates for participants with COPD to those with normal lung function, the trial found a lower quit rate for those with normal lung function (7.8%; 28/359) compared with participants with a COPD diagnosis (16.0%; 8/50). This is in line with what may be expected, in that participants with normal lung function were less inclined to quit.
| Strengths and weaknesses
We did not exclude patients who had already been diagnosed with COPD; hence, patients who were already aware of their airflow obstruction could have responded differently to the lung function tests/smoking cessation advice compared with those with previously undetected obstruction. However, randomisation would have addressed this issue in that the proportion of patients with or without prior knowledge of obstruction would be balanced between groups. A further limitation relates to the issue of attrition: We were able to analyse smoking behaviour data for 61% of participants; hence, for 39% of participants, data were missing. However, examination of the baseline characteristics of those participants who had data available for analysis did not suggest any major selection bias due to attrition, and the assumption of all those with missing data being smokers did not materially change our findings. It is worthwhile noting that there is potential bias arising from learning effects, in that participants who had their study appointments towards the end of the trial will have been seen by nurses who became more experienced by this time than at the beginning of the trial. Because of practicalities of the study appointments at our different sites, the follow-up time point used was not fixed for all participants; instead, the follow-up point varied between 2 months for some participants, and 6 months for others, dependent on the study site. Therefore, the quit rate was evaluated at different time points for different participants: 72 at 2 months, 202 at 3 months, and 135 at 6 months, although the analyses took account of this.
The smoking data (smoking status and number of cigarettes smoked) analysed in our trial were self-reported by participants rather than an independent evaluation using cotinine testing, which would have been a more objective measure of point prevalence. 24, 25 Perhaps surprisingly, the loss to follow-up was greater in the "tests now" group (39%) than in the "waiting list" group (31%). A likely explanation for this differential was the low response rate and subsequent withdrawal of participants who received a letter to invite them to book a casefinding appointment. Loss to follow-up was subsequently reduced when participants were contacted by an alternative telephone method for the remaining test now group and all of the waiting list group. In contrast, one large trial conducted in UK general practice 23 found a significant effect of communicating lung age with routine smoking cessation advice and the offer of referral to local smoking cessation services, on smoking cessation. However, people with worse spirometric lung age were not more likely to quit than those with normal lung age. Parkes et al concluded that telling smokers their lung age significantly improves the likelihood of them quitting smoking, but the mechanism by which this intervention achieves its effect is unclear. 23 In addition, Lin (in Quanjer and Enright) highlights that in order to establish the independent motivational effectiveness of doing spirometry screening versus not, a randomised trial in which the control arm did not receive spirometry is required. 30 In the trial reported here, we compared the impact of being in receipt of several measures of "lung health" versus none.
An evidence review was recently conducted by NICE 31 as part of their development of guidance on smoking interventions and services, which is soon to become available. This involved a series of systematic reviews being undertaken regarding the effectiveness and cost-effectiveness of different interventions for smoking cessation. Of most relevance for our trial were the findings relating to whether brief advice (less than 10 min) or very brief advice (less than 30 s) from a community, health, or social care professional was found to be effective and cost-effective. The review did not identify any published evidence relating to very brief advice interventions of less than 30 seconds; however, 2 Cochrane reviews were identified regarding brief advice of less than 10 minutes. 32, 33 On pooling data from 17 studies, Stead et al 33 found that brief advice (with or without a leaflet during a single consultation of less than 20-min duration and up to one follow-up visit) provided by physicians or physicians supported by other health care workers versus no advice (or usual care) increased quit rates (RR 1.66, 95% CI, 1.42-1.94), with the authors concluding that simple advice has a small effect on quit rates. Similarly, when evaluating the effect of nurse-delivered brief advice (single 10-min consultation with one follow-up visit) compared with no advice or usual care, Rice et al 32 found an increase in quit rates (7 trials; RR 1.27, 95% CI, 0.99-1.62), although this increase was not statistically significant.
| CONCLUSIONS
There was no evidence from this trial to support the hypothesis that 
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